COLORADOSCHOOLOFMINES

EARTH @« ENERGY ¢ ENVIRONMENT

Society of Petroleum Engineers

2022 Drillbotics Group B

Phase 1 Design Report
December 31, 2021

Team Members:
Alejandro Garcia — 3 year Petroleum Engineering
Garrett Thibault — 3™ year Petroleum Engineering
William Vickery — 3" year Petroleum Engineering

John Kohlsaat — 3™ year Chemical Engineering and Computer Science

Faculty Advisor:

Timothy Sorensen



Phase 1 Design Report — Colorado School of Mines

Table of Contents

Table Of CONLENLS cccuuueeeinueieiiiiiiiiiinnteiieeiiitienitticssstecsstesssecsssnscssssessssesssssnsssssessssssssssssssssssssssssssas 1
Team BIiOGIraphies .......cceiiiiviiiiiinssiinssnenssnncssnissssnesssicsssssssssssssssosssssssssssssssssssssssssssssssssessssssssnss 2
ADSTEACT . cciuiiieiiieensninninstentecstensaesssessseesssesssessssesssnssssesssssssassssesssssssassssesssssssassssassssessassssassssesssasss 4
SALCLY ceeierveriirsrrininiessnicsssnissssnessssiesssnssssssesssssossssssssssesssssossssssssssssssssesssssossssssssssssssssssssssssssssssssssssnsnes 4
RiZ CONSLIAINLS...cciiiiirniiiniisnriensssniicssssnicsssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 5
Directional DIIIING .....ecccoieiiiiiinniiciisnnnicsissnnicsssssrisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 6
SENSOT DALA ...ttt ettt ettt e en 8
Drilling PArameters ......ccocceeieciissnnicscsssnncssssssnesssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 9
WERIGIE ON Bit...ooiiiiiiiiieii ettt et ettt et e et e e teesaaeenbeenees 9
Revolutions Per MINULE .........coiuiiiiiiiiiiiiiie ettt s 10
ROtATY TOTUE ..ottt ettt sttt e st e e st e et esaaeees 10
Rate Of PeNEtration. .......coouiiiiiiiieiieeee ettt sttt 11
RIZ DESIGI cuueeiiiiinniiiniinniinissniicsssnnicssssssnssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssss 11
Drill Bit SEIECHION ...ttt ettt et 13
POWET SYSEEIML....eiiiiiiiiiieeeiee ettt et e st e st e e sabeeeareas 13
HOISTING SYSIEIM ... uiiiiiiiieciie ettt et e et e e st e e e tbeeentaeesnseeennseeenneeas 14
ROTATY SYSIEM ..c..iiiiiiieiieee ettt e e ettt e e st e e e e s nteeeesnseeeeennsaeeeanns 14
Drill String DeSIZN couueeievceiiiceicssnicssrnisssniessnicsssnssssnessssssssssssssssesssssossssssssssesssssssssssssssssssssssssssssss 15
Cuttings CIrCUlAtiON ...ccoceeiicciinnricnnisniessssnricsssssressssssscsssssssssssssssessssssssssssssssssssssssssssssssssssssssssssns 17
Control System ATCRILECLULE .....cccvurieiverecssencisnicssnicssnnessssncssssicssssscssssesssssesssssessssssssssssssssssssssne 19
Data ACQUISITION ...veeeeiieeiiie ettt e eieeeetee et e et e e et e e et ee e eesaaeeesseeessseessseesnsaeessseesnsseesnseeas 20
USET INEEITACE ...ttt ettt ettt e st et e st ens 21
MOAUIES/FUNCLIONS. ...ttt ettt st e b ettt e saeeebeene s 21
FINANCES couverenriiiiniiiiiiiiiiicinticinticitiesstnessstecsssnessssesssssscssssssssssesssssessssssssssssssssssssasessssssssssssssssssss 22
Rig and BHA Design Feasibility .......cccueiiviiisniiiiininsenisseninssnncssnncssnncsssncssseecssseccsssscsssssesssens 23
Appendix A: Engineering SKetChes....iiiciiiiniiiinseiisseninsencnsnncssnenssssnessnecsssessssseessssesssssees 25



Phase 1 Design Report — Colorado School of Mines

Team Member Biographies

Name: Alejandro Garcia
Major: Petroleum Engineering, 2023
Hometown: Covina, CA

Future Plans: I am currently exploring the different specializations of petroleum
engineering, and [ have gained a large interest in drilling engineering. I hope to
apply my data analytics minor to whichever specialization of petroleum
engineering I end up working in.

Name: Garrett Thibault
Major: Petroleum Engineering, 2023
Hometown: Colorado Springs, CO

Future Plans: I am currently looking for an internship to learn more about the oil
and gas industry and apply the engineering skills I have learned in school.



Phase 1 Design Report — Colorado School of Mines

Name: William Vickery
Major: Petroleum Engineering, 2023
Hometown: Owensboro, KY

Future Plans: I hope to start my career as a drilling engineer and then later on move
into reservoir engineering. I hope that I can travel the world with this job and
experience places I had never thought I would go to.

Name: John Kohlsaat

Major: Chemical Engineering and Computer Science, 2023
Hometown: Overland Park, KS

Future Plans: I hope to work in a career where can utilize my full knowledge in
chemical engineering and computer science. Ideally this would mean working as a
computer scientist or data analyst in a chemical engineering field.



Phase 1 Design Report — Colorado School of Mines

Abstract

The purpose of this report is to outline the design and considerations made in preparation
for the 2022 Drillbotics Group B competition. The task of autonomous drilling is likely the
future of the industry and is therefore the objective of the Drillbotics competition to build a
small-scale autonomous drilling rig. The design of our drilling rig was largely based off of the
2019 Mines Drillbotics team, which was unable to build their drilling rig due to COVID-19. Our
goal for this year’s Drillbotics competition is to build a solid foundation for next year’s team to
be able to continue improving the drilling rig. The Mines Drillbotics team will look to improve
the design and execution of the small-scale rig in Phase II, which we were limited due to the late

formation of our Drillbotics team.

Safety

Safety is critical to successful drilling operations and must be considered throughout the
process of design, building, and implementation. The Colorado School of Mines places a heavy
emphasis on training, and this will be observed throughout this competition. While Phase 1 of
this competition does not pose any safety risks in particular, it will be of utmost importance in
Phase 2. Throughout the process of constructing the rig, proper PPE will be always worn. This
will include safety glasses, gloves, long sleeved shirts, pants, and closed toed shoes. Hearing
protection may be necessary when working with certain equipment and will be provided. Masks
may also be worn in situations where particulate inhalation is a risk. Special care will be taken
when machining parts for the rig. The team will be working very closely with Mines faculty in
machining rooms to ensure the proper use of equipment. The emergency protocols for these
rooms will be understood and locations of any other safety services such as eyewash stations, fire
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extinguishers, showers, chemical information kits, and first aid kits will be identified and
discussed. The entire team will be familiarized with the equipment prior to any operation. Proper
handling of all rig equipment and tools will be ensured as well. Many of the components of the

rig will be heavy and require special care when handling to avoid injury.

A drilling rig must also have a variety of safety features installed to ensure the safety of
the crew, asset, and environment. The rig designed in this competition will be no exception,
especially since the goal is autonomous drilling. Potentially the most important feature will be
the inclusion of an emergency shut off button. This button will cease all drilling operations
immediately. All team members have stop work authority and may elect to press this button at
any time that they identify any safety risks. Examples of this include malfunctioning equipment
or a fire on the rig. Additionally, sensor data will be used to ensure that the rig does not exceed
the limitations of its equipment. For example, the weight on bit sensor data will be evaluated to
ensure that the rig does not exceed the critical buckling capacity of the drill pipe. PPE will be

worn by the team at all times when operating the rig.

Rig and Design Constraints

The main constraint envisioned by the team is the durability and elasticity of the drill
pipe to be used. Since the DSATS guidelines state that the drill pipe must be made up of
aluminum with a 3/8” diameter, the main concerns are pipe bending, buckling, twist offs, etc.
Our team must therefore make important decisions when it comes to the study and the applied
forces to the drill pipe. It is important to gather data on the specific type of aluminum used such

as the yield strength, critical buckling load, tensile strength, etc. These points of data will be
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helpful in determining the max stresses (WOB, drilling fluid pump psi, torque, etc.) that can be

applied to the drill pipe before failure.

Directional Drilling

The term directional drilling is a broad term that refers to all activities that are required to
design and drill a wellbore to reach a target (or a number of targets) which is located at some
horizontal distance from the top of the hole. The purpose of directional drilling is to connect the
surface location with oil and gas reservoirs that are not located right below it. Any well that is
intentionally nonvertical is also called a directional well. Deviation control comprises all
activities needed to drill a hole as required by the well plan and geological data. There are
several reasons why a drilling engineer might want to directionally drill: potentially increasing
efficiency of oil extraction, side-tracking, offshore platform drilling, drilling around inaccessible
locations, fault drilling, etc. Today, much of the world’s oil and natural-gas production comes

from directional wells drilled onshore and offshore.

There are several terms and concepts that a driller must understand when directionally
drilling. One of the most important terms are inclination (drift) and azimuth (hole direction).
Inclination is referred to as the angle (in degrees) between the local and the tangent to the well
bore axis at that particular point. By oilfield convention, 0° is vertical and 90° is horizontal. The
azimuth of a borehole at a point is the direction of the borehole on the horizontal plane, measured
as a clockwise angle (0° to 360°) from a North reference. Another crucial concept is dogleg
severity (DLS), which is the measure of change in inclination (or azimuth) every 100 feet.
Dogleg severity is used to detect abrupt changes in inclination while drilling, which severe

doglegs might create difficulties while drilling or during the completions phase. While
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directionally drilling, it is inevitable to have no doglegs (as directionally drilling has eventual
change in inclination to create a non-vertical borehole profile) but it is critical to not achieve
extreme dogleg severity as it can have adverse effects. To be able to measure these
aforementioned points of data, drill strings use measurement while drilling (MWD) systems in
their bottom hole assembly (BHA). Typical data recorded by the MWD includes inclination,
azimuth, operating parameters (torque, WOB, well bore pressure), tool face orientation, sensor
temperature, etc. Our rig system will have an MWD system which will measure all of the

important data points in order to directionally drill.

There are several methods to directionally drill, with the Point-the-Bit and Push-the-Bit
being the most common techniques in modern directional drilling. Push-the-Bit involves the use
of pads on the outside of the tool which pushes the BHA towards the opposite side of the
borehole while drilling. This method involves too much high technology applications and would
be unfit for our small-scale physical rig model. The Point-the-Bit technique involves the use of a
a bent-sub system. The bent sub is a connection between the bottom of the BHA and the bit,
which is slightly bent (deviated from vertical). While in oriented (sliding) mode, the bit and the
drill string are both rotating which creates a straight and slightly large borehole. While in rotary
mode, the drill string is no longer rotating which allows for the bent sub to create a slightly
curved hole. As shown below by Figure 1, both the oriented and rotary mode are illustrated to

highlight the differences between the two modes.
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Figure 1: Oriented Mode (shown left) and Rotary Mode (shown right)

A potential alternative to the bent sub is also being pursued by the team which would
work as a “robotic” bent sub. The idea is to have a bent sub that is originally completely straight
but may be bent via a 3" class lever system (robotic arm type of system). This would allow for

the control and the angle of the bend in the alternative “bent sub”.

Sensor Data

The sensors for the rig need to measure four different parameters including inclination,
azimuth, weight on bit, and travel distance. The sensors must also export data with a high enough
frequency so that the real time course correction can function. The last requirement is that each
sensor must utilize the same system and connections in order to streamline the setup and the
process of data acquisition. For our drill rig, we plan to utilize a combined gyroscope and electric
compass to measure the azimuth and inclination, a plate force sensor for the weight on bit and a

measuring wheel for the distance traveled.
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Drilling Parameters

There are a variety of factors that affect efficiency and overall performance. Some of
these factors are controllable while others are not. The ones that can be controlled are of primary
interest and are referred to as the drilling parameters. Each can be changed or altered to optimize
the rig and its ability to create hole. When designing the rig, the most critical drilling parameters
were weight on bit, revolutions per minute, and rotary torque. Each of these will have significant
impact on the measurement known are rate of penetration that will be used to evaluate

performance.

Weight on Bit

The force applied to the bit as it drills through the formation is referred to as the weight
on bit. This is a controllable factor that the drilling crew must carefully monitor. The weight on
bit is the force responsible for the compressive failure of the rock. Harder formations require
greater weight on bits to break the rock. In many drilling scenarios, the weight on bit is created
using thick, heavily weighted drill pipe known as drill collars. The drill collars are placed near
the bit so that the force is applied directly to the bit. This allows for the use of thinner drill pipe
that would buckle under the weight of the drill collars above them. The hoisting system is then
used to control the pressure that the drill string can exert on the formation. Maximum weight on
bit is achieved when the hoisting system does exert any force on the drill string in the upward

direction.

In our design, the drill collars will similarly be used to apply the weight on bit necessary

to drill through the sandstone formation. Several designs are being considered for the creation of
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the drill collars. Likely, aluminum pipe lined with cement will be used. The cement lining will
create the additional weight necessary to produce the weight on bit. The weight applied to the bit
will be controlled using the hoisting system as described above. The use of a mechanical system
at the surface that grips the drill string and created downward force is also being considered to

apply additional weight on bit.

Revolutions per Minute

Revolutions per minute, or RPM, is the rate at which the drill bit is spinning. The RPMs
must be controlled to maximize drilling efficiency. When drilling through softer formations, a
higher RPM is preferred. When drilling through harder formations, a lower RPM is preferred.
The rock being drilled will be a sandstone which tends to be on the softer side. As a result, the
rig design will attempt to achieve a high RPM rate. The optimal setpoint will be determined via

drill off tests in the testing phase of the competition.

Rotary Torque

Rotary torque is the rotational force that is transferred through the bit and applied to the
formation. It is responsible for shearing failure of the rock. In a traditional drilling rig, the torque
is generated by the rotational motor at the surface. This force is transferred through the drill
string, to the bit, and ultimately to the formations. The torque produced is result of friction
between the drill string and bit when contacting the formation. The greater the frictional forces,

the greater the torque necessary to overcome these forces.

Due to the limitations of small-scale design and directional drilling, torque will not be

generated in the traditional sense for this design. The method of creating torque down hole will
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likely be the use of a flexible drive shaft that is run through the drill string. The drive shaft will
be rotated at the surface by a motor. The drive shaft will be connected to the bit which will in

turn rotate the string. Theoretically, this design should reduce frictional effects in the system as
the drill string will not have to be throughout the borehole. As a result, a smaller, less powerful

motor may be used to rotate the bit.

Rate of Penetration

Rate of penetration, or ROP, is the rate at which the hole is drilled. It is determined by
measuring the distance that the hole is drilled and dividing by the amount of time that it took to
drill. This is an incredibly important parameter when determining the efficiency of the the
drilling system. On a rig, the goal is to drill as quickly as possible as the faster it is, the more
economical the well is. Therefore, it is the goal of our design to drill as quickly as possible. As
mentioned previously, drill off tests will be performed in order to determine the optimal

conditions of weight on bit and revolutions per minute that will result in the greatest ROP.
Rig Design

Drill rigs are very complex machines. Even in the small-scale applications that
Drillbotics requires, there are still many design constraints and problems that must be solved.
Finding the solution to these problems requires research and development to be done so that the
best solution can be chosen, not just a solution that works. The drilling industry has been
developing and researching the best ways that rigs can be designed so that there is maximum
efficiency for well over 100 years now, and they have solved many problems that have made

modern drilling very quick and efficient compared to the drilling that was happening in the

11



Phase 1 Design Report — Colorado School of Mines

1920’s. Modern technology such as the widespread adoption and usage of electric drilling has

made the drilling even more efficient and quicker over the last 100 years.

For the overall rig design, our team decided to continue the work done by the 2020 Mines
Drillbotics team design and go through with developing and constructing that design. This design
was evaluated and changed by that team, until the final design represented months of
development by them. The overall structure of the rig proved to be able to withstand the stresses
that our proposed systems will inflict on the rig itself. The design also proves to have ample
space for the systems to be implemented and worked on without being crowded and difficult to
access. The 2020 team’s rig itself was based off of the 2017 Mines rig assembly that was used
for the Drillbotics competition that year. This provides a very good base on which we can build
on, and place changes upon and develop the design further. This in turn will give next year’s
team a better design, thus embodying the idea of the Drillbotics competition teams providing one

another with base ideas and designs year over year.

In the design that is going to be used, there is two main components that house different
systems. The first is the rig mounts itself, where all the mechanical and fluid systems related to
the rig are housed. These mounts provide a slide where the assembly can either be fixed to it or
able to slide up and down to follow the drill string down, depending on the system in question.
The second is the control table, where all the electronic and the control systems of the rig are
located. This second table will be where the user interface is located, and all the data being

gathered by the sensors displayed.
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Drill Bit Selection

There are several types of bits available and used in the industry, but the bit that seems to
be the best fit for the team is a polycrystalline diamond compact (PDC) bit. They have are more
durable and have less moving parts than roller cone bit, which means they are less likely to fail
while drilling. PDC bits also induce shear stress failure to drill rock, which means they require
less WOB (and overall energy) than roller cone bits which induce compressive stresses to drill
rock. Diamond impregnated bits are another type of commonly used drill bits, however, they are
much more expensive than PDC bits and are also typically used drill out cores. The team is
undecided whether to use the DSATS provided bit or to consult a third-party company to

manufacture the team’s bit.

Power System

Electricity can be used to power many different systems on a drill rig. Anything from the
rotation torque to the sensor systems can be powered by electricity which allows for the
streamlining of the support systems as only AC power is needed, sometimes converted to DC
power. Electricity also removes many of the dangers of the hydraulic powering systems. High
pressure hydraulic fluid no longer is present in the power systems, removing the chance of that

pressure being involved in an uncontrolled release that may injure personnel.

To power the rig, we are using electric motors to power both the turning of the bit and the
directional control of the bent sub assembly. Electricity was the best option as hydraulic power
became very complex and needed multiple support systems to be developed so that it would

work. Electricity provided the opportunity to use simple wiring to transmit power to whatever
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system that was necessary, as well as being able to vary the amount of power being sent
instantaneously, so that the correct amount of power is always available. To transfer power
throughout the system, a central system can be used to distribute power to whatever system that

needs it.
Hoisting System

Due to the size constraints, a system of blocks and cables cannot be used in our design.
However, these have proven successful in the full-scale drilling rigs of today’s drilling world.
The system provides simplicity so that if something breaks it can be easily identified and fixed,
as well as being powerful enough to lift the thousands of pounds necessary to move the drill

string.

To provide weight on bit as well as being able to move the drill pipe up and down, a ball
screw will be used, continuing the design used by the 2020 Drillbotics team. This system can
allow for high levels of flexibility in being able to push or pull on the drill string with varying
levels of force. It also allows for high levels of precision within the screw, so that very small

changes in force can be executed to fully optimize our weight on bit to attain a high ROP.

Rotary System

The usage of electricity on drill rigs has allowed for the increase in drilling performance
over the last 100 years. The advent of AC power has allowed for the use of top drive systems that
combine hydraulic and electric power to provide a very useful technique of drilling that is much

more efficient than the Kelly drive systems used before it. Top drives allow for easier drilling as
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they can be much quicker in shutting down fluid flow, as well as being able to return to drilling
much quicker as once the new pipe is stabbed and torqued, the top drive can resume spinning
immediately and drill forward. Another improvement that top drives have made is in the field of
safety. Top drives been able to remove many risks associated with the Kelly drives, mainly with
respect to rotation energy. Rotation and torque are applied to the top rather than right at the
drilling floor where personnel are standing, reducing the risk of personnel being struck by the

rotating mass.

As previously stated, the team will build off of the 2019 Mines team design and continue
with the idea of having a Kelly drive mechanism (to rotate the drill string) and a top drive
mechanism (to rotate the bit). The Kelly drive mechanism will be driven by an AC motor with
approximately 3 hp and 1800 RPM. This will be crucial in allowing for finding the optimal RPM
of the motor with the most efficient rate of penetration (ROP). The top drive motor will be the
main source of power to the flexible drive shaft which powers the bit, which will also be an AC
motor. Both motors are thought to be equipped with variable frequency drive, which allows for

the control/reduction of the speed and torque outputted by the motor.

Drill String Design

Drill Strings are very complex designs and designing the correct drill string is essential to
drilling a hole efficiently and cost-effectively. Without the proper design, the drilling can run
into problems and those problems can slow down the overall drilling operation. Selecting the
correct type of drill pipe and other components is essential to modern drilling. It is also essential
to get the right weight for the overall drill string, incorporating both the BHA and heavy weight

drill pipe into the design as well as the normal drill pipe used.
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For the drill string itself, we are using a bent sub Bottomhole Assembly (BHA) with a
PDC bit used to drill. The drill pipe will be the standardized drill pipe that the Drillbotics
regulations state, along with some internal pieces inside of the drill pipe that will be used for
fluid flow and electric signals. The rig will be suspending all of this high enough so that there is
only one drill pipe, so that no connections will have to be made, thus simplifying the process.
The materials involved in the drill string will have many associated stresses placed on them,
especially in the parts that are going to be bending when directionally drilling. This creates a
problem where the material is needed to be strong enough to withstand the stresses placed upon
it such as weight on bit (WOB) or torque, but also needs to be bendable around whatever angle
hole we are drilling. We are still conducting research on what material might fit this description,

while also trying to keep it as cheap as possible so that we do not run over the budget.

Figure 2: U-Joint joining flexible drive shaft with bent sub drive shaft
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For the flexible drive shaft, we will continue with the previous design of two shafts
connected by a linkage. This allows for the continuation of drilling throughout all hole
possibilities, as well as limiting the amount of bending one singular shaft will have to do. The
linkage will be arguably the most important part of the design, as that single point of failure
could lead to the stoppage of the whole rig and the damaging of other components. A u-joint will

be used that can withstand high stresses, providing maximum protection from being broken.

Cuttings Circulation

The circulation of cuttings from the wellbore is critical to successful drillings operations.
To achieve this a fluid must be circulated down the drill string, out the bit and up the annulus to
the surface. In conventional operations, cuttings are removed from the fluid so that it may be
recycled through the hole. The most common method of removing larger cuttings is the use of
shale shakers. Finer cuttings are removed using different equipment such as hydrocyclones.
However, for the purposes of this competition, the reuse of drilling fluid is not necessary. The
fluid will be stored in a 5-gallon tank on the surface. Once the fluid is circulated through the
hole, the fluid will be collected in a separate 5-gallon tank system. Designing a system that

recirculates the mud is being considered.

The fluid used to circulate the hole also plays several other key functions. Some of the
most important are the creating a pressure gradient, forming an impermeable filter cake on the
walls of the wellbore, and cooling the bit. The creation of a pressure gradient is critical for
controlling the flow of formation fluids that may be encountered when drilling. In this challenge,
there is no threat of taking a kick and therefore this function is not critical. Likewise, the

pressures used in this design will not create a loss of circulation and, as a result, forming a filter

17



Phase 1 Design Report — Colorado School of Mines

cake is not critical. However, the fluid must cool the bit in this design. Heat produced from the
frictional forces produced when drilling may result in failures. To accomplish this, as well as lift
and suspend the cuttings, mineral oil will be used. Mineral oil has several fluid properties similar
to drilling fluids used in the industry. The mineral oil will have the viscosity necessary to lift the
cuttings from the hole. It is important to have a drilling fluid that is viscous enough to lift the
cuttings but not too viscous that it causes issues when pumping. Mud that is too viscous can also
impede the performance of the drilling string and lead to issues such as sticking. Additionally, a
focus of this design is simplicity. The use of straight mineral oil is simple and much easier to
work with that a water-based mud, for example. Water based mud may also cause issues with the

downhole equipment on the rig.

The drilling fluid will be circulated through the hole using a sump pump, swivel, hose
fixture, and bell nipple. The sump pump will be responsible for producing the force to push the
mud through the drill string and back up the hole. The size and strength of the sump pump will
depend on the size of the cuttings that are produced. This is a factor that is affected by the chosen
weight on bit and rpm setpoints. Larger cuttings require more force to be circulated up from
downhole and therefore a larger, more powerful pump will be necessary. The pump will be
connected to the drill string via the hose, bell nipple, and swivel. The hose will be connected to
the pump and bell nipple. The bell nipple will be connected to the swivel and the swivel to the
drill string. The swivel will allow for the articulation of the hose as the drill string is lowered into
the hole. This system, modelled after conventional ones used on current rigs, should adequately

clean the hole for efficient drilling.
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Control System Architecture

The control system architecture will consist of five main modules: user interface, control
program, data collection, sensors, and drill control. The user interface will be the main
interaction to tell the drill what to do where the user will enter the desired coordinates and the
system will continue from there. There user interface will also display some of the important data
including the azimuth, inclination and weight on bit. The user interface then leads into the
control program which will utilize a pathfinding algorithm to determine the control sequence and

then monitor the drill system to make sure the drill is on target and is safe to continue operation.

The computer system, which includes the user interface and control program, is then
connected to the data acquisition and drill control. The drill control includes the drill motor and
hoist system which will control the spin speed as well as the weight on bit. If a servo motor is
utilized as the turning system for the drill, then this will also be included in the drill control
system. The control program is also connected to the downhole sensors through the data
acquisition which will be the connecting sensor motherboard or raspberry pie which is able to
connect to each of the sensors as well as the computer system to allow the program to receive the
data from the sensors. The sensors will include the gyroscope, magnetic compass, and force

sensor which will be used to determine the inclination, azimuth, and weight on bit.
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Figure 3: Control System Architecture

Data Acquisition

The data acquisition for our system will largely depend on the kind of sensors that we
will use to gather the data since there are many different systems that can be utilized. This data
acquisition method will also affect the language that the program will be run in, but more than
likely it will be using python. Utilizing python, the data will be aggregated into a data frame and
will be visualized into a 3-D positional graph to represent the internally kept position that is then
confirmed by the sensor data. After the drill has reached its target, the data frame will export to a
csv file for later review. Uncertainty will be dealt with as needed after some testing has been

completed.
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User Interface

The user interface will have an initial window for the inputs of the coordinates that the
drill will be attempting to drill to and will then have a separate window for the drilling process
that contains the real time data as well as pathing. The process user interface will primarily be
used as a visual representation of the data with a real time numerical display of the inclination,
azimuth, and weight on bit in as well as a start and stop button and hotkey. As explained in the
data acquisition section, the data will be aggregated into a positional graph. This graph will be
displayed on the user interface with the planned pathing as well as the actual pathing which is
plotted in real time. This will be calculated based on travel distance, the azimuth and inclination.
All of these visual aids should give an indication of whether the drill is correctly drilling based

on the data from the sensors.

Modules/Functions

This program has many modules that will be used with the main five being the
pathfinding, safety, and drilling control, data acquisition, and course correction. The pathfinding
portion of the program is probably the most complex but can be more easily programmed since it
is not required to act in real time. This algorithm will be a fairly basic backtracking pathfinding
algorithm utilizing the specifications of our drill rig as well a feasibility variable to make sure

that every turn is not the absolute tightest possible in order to make the drilling more accurate.

After pathfinding comes the safety portion which will recheck the incoming data on
every cycle for any vibration or torsion in the drill rig that would lead to issues if the rig

continued to run. The other real time events that occur each cycle will be the data acquisition,
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course correction and drill control. The data acquisition is fairly basic in updating the data frame
each cycle. This data will then be used to calculate course correction which is then used to
calculate the drill control variables. The issue with this kind of control scheme is that the latency
in data collection can lead to a latency in the course correction causing it to overcorrect. The two
options for this are to pipeline the processes in order to reduce the time each cycle takes or to do
everything in one cycle which will depend largely on the latency of the data acquisition and
sensors. These two control schemes will need to be tested with our rig in order to determine if

the data acquisition latency is low enough for pipelining.

Finances

Our rig will be sponsored by the Colorado School of Mines Petroleum Engineering
department with an allocated budget of $10,000. Our proposed design has an estimated cost of
$5568.24 which could possibly change with the implementation of a robot arm steering
mechanism and manufacturing our own PDC bit with a third-party company. This number was
much lower than our initial expectations, but it gives us some room to test our design and modify
it if it does not perform to our expectations. We also plan to use donated steel and other materials
in the construction of the rig as shown in the appendix section which will help to reduce the cost
of our overall design. As shown below by the table is our total cost estimate with detailed costs

for each individual part.
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Table 1: Cost Estimates
Sensors
Force Sensor S 382.31
Torque sensor S 175.93
IMU chip S 500.00
Mechanical Equipment
Flexible Drive Shaft S 300.00
Top Drive Motor S 500.00
Kelly Motor S 770.00
Drill Pipe S 100.00
Plexiglass Shields S 150.00
Guide Rail and Blocks S 120.00
PVC Pipe and Fittings S 20.00
Ball Screw S 70.00
Cuttings
SeaFlow Mini Liquid Pump S 15.00
Mineral Oil S 100.00
5 gallon tanks S 300.00
Pipes, Hose and Tubing S 65.00
Miscellaneous
Miscellaneous costs $1,500.00
Unexpected Costs/Failures S 500.00
Total $5,568.24

Rig and BHA Design Feasibility

The major design choices enlisted in this report are derived from existing drilling rigs and
all minor changes in design seem to be easy to implement in today’s rigs. The potential to pursue
an alternative for the method to directionally drill (“robotic bent sub”), is the major change to

what is normally implemented/used in most modern drills. We believe this design change can be
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feasibly implemented to today’s rigs, with the biggest obstacle being the actual manufacture of
the robotic bent sub that can withstand extremely high WOB. As noted before, the benefits of
this system is the elimination of making a large borehole created by traditional bent subs and
being able to change the desired bend angle in the bent sub. We believe this design choice will
be pursued in the near future and the future of drilling engineering may be in the implementation

of robotics in drilling rigs.
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